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We present a technique for studying the polarimetric properties of a birefringent object by means
of classical ghost diffraction. The standard ghost diffraction setup is modified to include polarizers
for controlling the state of polarization of the beam in various places. The object is characterized
by a Jones matrix and the absolute values of the Fourier transforms of its individual elements are
measured. From these measurements the original complex-valued functions can be retrieved through
iterative methods resulting in the full Jones matrix of the object. We present two different placements
of the polarizers and show that one of them leads to better polarimetric quality, while the other place-
ment offers the possibility to perform polarimetry without controlling the source’s state of polariza-
tion. The concept of an effective source is introduced to simplify the calculations. Ghost polarimetry
enables the assessment of polarization properties as a function of position within the object through
simple intensity correlation measurements.
I. INTRODUCTION
Ghost imaging, or correlation imaging, is an imaging
technique where quantum entanglement and photon co-
incidences or classical intensity correlation statistics are
used to provide information on an object through in-
direct measurements [1, 2]. Setups can be arranged to
form either the image or the far-field diffraction pattern
of the object. The classical counterpart of ghost imag-
ing has its merits in readily-available and cost-effective,
bright light sources. It is able to emulate most aspects
of quantum ghost imaging [3–8], although classical cor-
relation imaging has limitations with regard to the vis-
ibility (contrast) of the resulting image [9–11]. Tech-
niques have been developed to overcome these limita-
tions, including higher-order correlations [9, 11], back-
ground subtraction [10], differential ghost imaging [12]
and computational ghost imaging [13, 14]. Using elec-
tromagnetic theory also the effects that the degree of po-
larization of the light has on correlation imaging have
been studied recently [11, 15–17].
In this paper we introduce a method for obtaining
the polarimetric properties of a (partially) transparent,
spatially dependent, arbitrarily birefringent or dichroic
object by means of correlation imaging. In contrast
to quantum ellipsometry with two-photon polarization-
entangled light in reflection geometry reported previ-
ously [18–20], we consider light from a classical, spa-
tially incoherent, partially polarized source interacting
with the object in transmission arrangement. We make
use of electromagnetic theory of optical coherence and
employ a modified ghost diffraction setup, with the con-
cept of an effective source used for convenience of anal-
ysis. Whereas elaborate techniques for measuring an ob-
ject’s polarization properties based on Mueller imaging
and Stokes imaging have been developed [21], in many
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applications (such as thin-film optics and nanophoton-
ics) a simpler polarimetric characterization of the object
by means of its Jones matrix is adequate. The conven-
tional way of measuring the Jones matrix of a spatially
uniform, planar object makes use of a coherent laser,
two polarizers and a detector [21]. In correlation imag-
ing light from a spatially incoherent source is split into
two arms, a test arm containing the object followed by a
non-resolving detector and a reference arm with a CCD
camera. The intensities recorded at the end of the two
arms are correlated to obtain either the image or the far-
field diffraction pattern of the object. For polarimetry by
ghost diffraction we present two possible arrangements.
In one, polarizers are placed after the source and be-
fore the detectors. In the other arrangement the source’s
state of polarization is not controlled and the polarizers
are located in front of the detectors in each arm. In both
cases measurements are done with different orientations
of the polarizers to individually select all the elements
of the object’s Jones matrix. The advantage of ghost po-
larimetry is that spatially varying, polarization-state al-
tering objects can be analyzed.
Section II recalls briefly the Jones calculus and the
conventional measurement of the Jones matrix compo-
nents. In section III we introduce the mathematical no-
tion of the effective source and incorporate it in our dis-
cussion on electromagnetic ghost diffraction. In section
IV the standard ghost diffraction setup is modified in
two different ways so as to enable the measurement of
the polarimetric properties of an unknown object. The
polarimetric qualities of these two setups are assessed
in terms of image visibility. The main conclusions are
summarized in section V. Appendix A gives further de-
tails on the possible placements of the polarizers and on
the constraints the placements put upon the source.
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Figure 1. Measuring the elements of the matrix T that de-
scribes the response of the object. The setup consists of a spa-
tially coherent laser source (I0), the object which is placed be-
tween two linear polarizers (LPs), T0 and T1, and a detector.
The measured intensity (I1) is compared to the case where the
object and the second LP are removed.
II. JONES FORMALISM FOR POLARIMETRY
We employ spectral electromagnetic coherence theory
to analyze polarimetry by ghost diffraction. A realiza-
tion of a random, beam-like electric field at position r
and frequency ω, propagating in the z direction is de-
noted by E(r) = [Ex(r) Ey(r)]T, where the superscript
T denotes the transpose and the frequency dependence
is suppressed for brevity. On illuminating with a linear,
polarimetric (birefringent, dichroic), planar optical ele-
ment T(r) the output electric field Eout(r) is related to
the input electric field Ein(r) through [22]
Eout(r) = T(r)Ein(r), (1)
where
T(r) =
[
Txx(r) Txy(r)
Tyx(r) Tyy(r)
]
(2)
is the optical element’s transmission (or Jones) matrix.
We take Tij ∈ C with i, j ∈ {x, y} to be deterministic
and, in general, spatially dependent when T represents
the object. For polarizers (and wave plates) the elements
of T are constant. For example,
Tx =
[
1 0
0 0
]
, Ty =
[
0 0
0 1
]
(3)
are uniform linear polarizers (LPs) that only let the x or
y component of the light go through, unaltered.
The conventional way to determine the polarimet-
ric response of an unknown optical element is to mea-
sure the components of the corresponding Jones matrix
T individually. Normally, for a uniform object, this is
done with a setup schematically depicted in figure 1. A
spatially coherent, uniformly polarized, monochromatic
laser beam illuminates the object which is sandwiched
between two LPs, the ‘polarizer’ T0 and the ‘analyzer’
T1 and the transmitted intensity is recorded with a de-
tector. To avoid effects of diffraction, the elements T0
and T1 and the detector are deep in the Fresnel zone of
the object T. According to equation (1) the field E1 at the
detector is described by
E1 = T1TT0E0, (4)
where E0 is the coherent electric field of the laser source.
Orientating the LPs so that T0 = Ti and T1 = Tj, with
i, j ∈ {x, y}, we obtain, from equations (3) and (4), the
intensity
I1 = E†1E1 =
∣∣Tji∣∣2 |E0,i|2 , (5)
where the dagger denotes the Hermitian conjugate and
|E0,i|2 = I0,i are the intensities of the source components.
These can be measured by removing T and T1 from the
setup and varying T0. Hence we can calculate |Tji| with
all i, j ∈ {x, y}.
Equation (5) demonstrates that only the absolute val-
ues |Tij| of the object’s Jones matrix are obtained with
this method. Using a considerably more complicated
system one could measure all the complex transmission
matrix parameters Tij of a spatially independent object.
Such a setup involves linear polarizers oriented at ±45
degrees with respect to the x axis as well as circular po-
larizers in addition to the LPs introduced earlier [21]. If
the object has spatial dependence, the detector in figure
1 may in principle be replaced with a CCD array.
III. GHOST DIFFRACTION
After more than a decade of research, ghost imaging
and diffraction are now well-established optical tech-
niques [1, 2]. In particular, lensless ghost diffraction is
employed to obtain the far-field pattern, or the Fourier
transform, of the object [23–25]. Classical ghost imaging
and diffraction are conveniently analyzed using optical
coherence theory [26, 27]. In what follows we introduce
also the novel idea of an ‘effective source’ which greatly
simplifies the calculations.
A. Intensity and field correlations
We need to compute the correlations between the in-
tensities in the two arms of the ghost diffraction setup,
i.e., the intensities Iα = E†αEα with α ∈ {1, 2}. Be-
sides the frequency ω, in this section we further sup-
press the spatial dependencies of the functions for no-
tational brevity. We begin by dividing Iα into the inten-
sities of the x and y components of the electric field as
Iα = Iα,x + Iα,y. The intensity correlation can then be
expressed as
〈I1 I2〉 = ∑
i,j∈{x,y}
〈
I1,i I2,j
〉
, (6)
where 〈. . .〉 denotes the ensemble average. Assuming
that the field fluctuations of the source obey Gaussian
statistics, we may use the Gaussian moment theorem to
write 〈I1,i I2,j〉 in terms of second-order field correlations
as [11, 15, 16, 28]〈
I1,i I2,j
〉
=W11,iiW22,jj +
∣∣W12,ij∣∣2 , (7)
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Figure 2. Concept of the effective source. A laser and a rotat-
ing ground glass disk (GD) create a spatially incoherent planar
field. The polarizer T0, controlling the state of polarization of
the source, may or may not exist before the beam splitter (BS)
which directs the light into the reference arm and the test arm.
The beams propagate over the distance z in both arms until
reaching the fictitious plane of the effective source.
where Wαβ,ij = 〈E∗α,iEβ,j〉, α, β ∈ {1, 2}, i, j ∈ {x, y}, is
the cross-spectral density function and Eα,i denotes the i
component of the field in arm α.
Combining equations (6) and (7) and making use of
the cross-spectral density matrix (CSDM)
Wαβ =
[
Wαβ,xx Wαβ,xy
Wαβ,yx Wαβ,yy
]
, (8)
we can write the intensity correlation in a compact form
as [11, 17]
〈I1 I2〉 = tr W11 tr W22 + tr W†12W12, (9)
where tr denotes the trace, tr Wαα = 〈Iα〉 is the average
intensity in the αth arm and tr W†12W12 = 〈∆I1∆I2〉 is the
correlation of the intensity fluctuations ∆Iα ≡ Iα − 〈Iα〉
between the two different arms.
B. Effective source
Before proceeding into the technical details of ghost
diffraction, we present with reference to figure 2 the no-
tion of the effective source. Coherent laser radiation
passed through a rotating disk of ground glass generates
a stationary, uniformly polarized, spatially incoherent
beam of light characterized by the cross-spectral den-
sity matrix W0(r0, r′0). We then consider two possibil-
ities: behind the physical source there may be a linear
polarizer represented by the matrix T0, or it may be ab-
sent. A beam splitter separates the field into the refer-
ence and test paths, followed by propagation over an
equal distance z in each arm. The light characterized
by the CSDM Weff(r′1, r
′
2) in the ensuing fictitious plane
constitutes the effective source.
Within the accuracy of Fresnel diffraction, the effec-
tive source’s CSDM is given by (see figure 2)
Weff(r
′
1, r
′
2) =
¨ ∞
−∞
d2r0d2r′0W(r0, r′0)K∗1(r0, r
′
1)K2(r
′
0, r
′
2)
(10)
where W(r0, r′0) = W0(r0, r′0) in the absence of the polar-
izer T0 and W(r0, r′0) = T∗0W0(r0, r′0)TT0 in the presence
of T0. Further, the kernel [26, 29]
Kα(r0, r′α) =
−ik
2piz
exp
[
ik
2z
(
r′α − r0
)2] , (11)
with α ∈ {1, 2} and k = ω/c being the wave number
(c is the vacuum speed of light), describes field propa-
gation over the distance z in free space from the phys-
ical source plane to the fictitious plane of the effective
source.
Now, in classical ghost diffraction the actual source
is spatially completely incoherent. Hence we may take
W0(r0, r′0) = J0δ(r′0 − r0), where J0 is the polarization
matrix of the source and δ (r) is the two-dimensional
Dirac delta function. Applying the δ function to elim-
inate r′0 and using equation (11), equation (10) then be-
comes
Weff(r
′
1, r
′
2) = Jeffδ(r
′
2 − r′1), (12)
where Jeff = T∗0J0TT0 with T0 and Jeff = J0 without T0.
Equation (12) shows that in the case of a (sufficiently
wide) spatially completely incoherent physical source
also the effective source is spatially incoherent.
C. Fourier transform by ghost diffraction
We next demonstrate that in the context of classical
ghost diffraction the concept of the effective source is
consistent with the formation of the Fourier transform
of the object distribution. We represent the object here as
T(r′) = T(r′)I, where I is the 2× 2 unit matrix and omit
the polarizer T0 that controls the source’s polarization
object
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Figure 3. Effective source in ghost diffraction. The fictitious
plane is at a distance z from the true source and contains the
effective source characterized by Weff(r′1, r′2) (see figure 2). In
the reference arm the wave propagates a further distance d and
is detected by a CCD camera. In the test arm the object T is lo-
cated immediately after the effective source and the field then
travels the same distance d onto a pinhole detector. The mea-
sured intensities I1 and I2 are correlated.
4state, as is illustrated in figure 3. In the test arm the ob-
ject is placed immediately after the effective source. The
fields then propagate from the effective source plane an
equal distance d in both arms to the detectors, which are
taken to be pointlike.
Using an expression of the form of equation (10) with
integrations over the effective source, we obtain for the
CSDM between the electric fields in the two arms the
formula
W12(r1, r2) =
¨ ∞
−∞
d2r′1d
2r′2Weff(r′1, r
′
2)
× T(r′2)K∗1(r′1, r1)K2(r′2, r2), (13)
where T(r′2) is the object’s transmission function. On
further employing equations (11) and (12) with z = d
and Jeff = J0, respectively, and integrating over the vari-
able r′2, equation (13) becomes
W12(r1, r2) =
k2J0
2pid2
exp
[
ik
2d
(
r22 − r21
)]
×F {T(r′1)} [ kd (r1 − r2)
]
, (14)
where
F {T(r)} [k] = 1
2pi
ˆ ∞
−∞
d2rT(r)eik·r (15)
is the two-dimensional Fourier transform of T(r). Since
in the test path we employ a pinhole detector (see figure
3), we may naturally take it to be located at the point
r2 = 0 and so equation (14) reduces to
W12(r1, 0) =
k2J0
2pid2
exp
(
− ik
2d
r21
)
F {T(r′1)} [ kd r1
]
.
(16)
Hence, using a spatially uncorrelated light source and
the appropriate path-length conditions for classical
ghost diffraction (z+ d in both arms), we have obtained
the Fourier transform of the object via the notion of the
effective source. We will next apply these same ideas to
ghost polarimetry.
IV. GHOST POLARIMETRY
Making use of the effective source concept we present
two different modifications to the classical ghost diffrac-
tion setup which are used to obtain the moduli of the
Fourier transforms of each of the elements in the object’s
Jones matrix. Applying standard iterative methods all
elements of the complex Jones matrix can then, in prin-
ciple, be computed [27, 30]. We further assess separately
the polarimetric image qualities of the two arrange-
ments. One of the modifications leads to a setup which
can be employed to perform polarimetry on an arbitrary
object
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Figure 4. Ghost polarimetry configurations. The first polarizer
T0 is placed before the plane of the effective source Weff(r′1, r′2)
and affects both arms. In the reference arm another polarizer
T1 is placed before the CCD camera. In the test arm the ob-
ject T is located immediately after the effective source and an-
other polarizer T2 is placed before the pinhole detector. The
intensities I1 and I2 are measured at the end of the arms and
correlated.
birefringent or dichroic object without a polarization-
state controlled source, whereas the other gives a better
image contrast in a configuration that closer resembles
the conventional polarimetric setup.
A. Configurations for ghost polarimetry
For ghost polarimetry of an arbitrary planar object we
modify the setup shown in figure 3 slightly. More specif-
ically, we employ the effective source with the possibil-
ity of controlling the actual source’s state of polarization
with the uniform polarizer T0 (see figure 2). In addi-
tion, spatially independent linear polarizers described
by T1 and T2 are placed before the CCD camera in the
reference arm and in front of the pinhole detector in the
test arm, respectively. The object’s matrix transmission
function is T(r′2), explicitly given by equation (2) and it
can alter the state of polarization of the test beam. The
simplified setup, without a detailed description of the
effective source, is shown in figure 4.
In analogy with equation (13) the CSDM between the
light in the two arms now becomes [see also equation
(1)]
W12(r1, r2) =
¨ ∞
−∞
d2r′1d
2r′2T∗1Weff(r
′
1, r
′
2)T
T(r′2)TT2
× K∗1(r′1, r1)K2(r′2, r2), (17)
where the integrations are in the effective source plane
and the propagation kernels Kα(r′α, rα), with and α ∈{1, 2}, are given by equation (11) with z = d. On in-
serting the CSDM of the effective source from equation
(12) and the explicit forms of Kα(r′α, rα), and integrating
with respect to r′2, we obtain
W12(r1, r2) =
k2
4pi2d2
ˆ ∞
−∞
d2r′1T
∗
1JeffT
T(r′1)T
T
2
5× exp
{
ik
2d
[
r22 − r21 − 2 (r2 − r1) · r′1
]}
.
(18)
To perform the polarimetric measurements, the polar-
izers are oriented in such a manner that the conditions
T∗1Jeff = J0,iiT
i and TT2 = T
j are met, with i, j ∈ {x, y}
and J0,ii denoting a diagonal component of J0. Spe-
cific arrangements that result in the former requirement
are discussed in section IV B. Using the aforementioned
conditions together with equations (3) and (18), we find
that [compare with equation (14)]
W12(r1, r2) =
k2 J0,iiTij
2pid2
exp
[
ik
2d
(
r22 − r21
)]
×F {Tji(r′1)} [ kd (r1 − r2)
]
, (19)
where F{Tji(r′1)}[k(r1 − r2)/d] is the Fourier transform
of Tji(r′1), as defined by equation (15) and the matrix T
ij
has the element Tijij = 1, with all the other elements be-
ing zero. With reference to figure 4 we again invoke
the condition that the pinhole detector in the test arm
is placed at the position r2 = 0. We then find, in analogy
with equation (16), that
W12(r1, 0) =
k2 J0,iiTij
2pid2
exp
(
− ik
2d
r21
)
F {Tji(r′1)} [ kd r1
]
.
(20)
Consequently, the correlation of the intensity fluctua-
tions between the two arms is
tr W†12W12 =
k4 J20,ii
4pi2d4
∣∣∣∣F {Tji(r′1)} [ kd r1
]∣∣∣∣2 . (21)
Note that we must separately measure the intensity fluc-
tuation correlation for all i, j ∈ {x, y}.
Once the moduli of the Fourier transforms are known,
the complex elements can be calculated using iterative
methods [27, 30], and effects like linear birefringence
and linear or circular dichroism can be observed. For
scalar amplitude-only and pure phase objects [31] the it-
erative techniques have been demonstrated in the realm
of ghost imaging [25]. Phase-contrast ghost imaging
could be used for retrieval of phase-only objects [26].
B. Polarimetric qualities in the two setups
To obtain equation (21) we assumed that T∗1Jeff =
J0,iiTi. This condition holds, for instance, when the po-
larizer in the reference arm is disregarded (T1 = I), the
polarizer after the source satisfies T0 = Ti and the actual
source is polarized at an angle of 45 degrees with re-
spect to the x axis. We call this setup case A. Another ar-
rangement in which the condition T∗1Jeff = J0,iiT
i holds
is when the polarizer following the source is discarded
resulting in Jeff = J0, the polarizer in the reference arm
satisfies T1 = Ti, and the polarization matrix J0 of the
actual source is diagonal as is true, e.g., for completely
unpolarized light. This setup, which we label case B, has
the important property that it would permit polarimetry
without a polarization-state controlled source. We recall
that in both cases A and B the polarizer in the test arm
must satisfy TT2 = T
j.
Although the main result [equation (21)] is the same
in cases A and B, the polarimetric image qualities are
different. There are several methods for evaluating the
image quality in ghost imaging and diffraction, includ-
ing multiple definitions for the visibility [1, 9, 17], the
signal-to-noise ratio (SNR) [12, 32] and the contrast-to-
noise ratio (CNR) [10, 11]. For a comparison between
the cases A and B we assess the polarimetric quality in
terms of the visibility defined as [17]
V ≡ 〈I1 I2〉max − 〈I1 I2〉min〈I1 I2〉max + 〈I1 I2〉min
, (22)
where the subscript max denotes the average over the
bright area of the image and the subscript min stands
for the average over the dark area. Using equation (9)
we obtain
V =
[tr W†12W12]max − [tr W†12W12]min
2 tr W11 tr W22 + [tr W†12W12]max + [tr W
†
12W12]min
.
(23)
The visibility thus depends not only on the correlation
of the intensity fluctuations between the reference and
test arms (tr W†12W12) but also on the background term
in ghost imaging, i.e., the product of the intensities mea-
sured in the reference (tr W11) and test (tr W22) arms. As
already noted, the CSDM W12 between the light in the
reference and test arms is the same in the two cases A
and B, since each case leads to equation (20) and subse-
quently equation (21) is obtained.
Also the intensities in the reference arm are identical
in both cases A and B, as moving the polarizer from the
vicinity of the source to in front of the reference arm de-
tector does not change anything for that arm. The ex-
plicit form of the CSDM for the reference arm is calcu-
lated in appendix A, equation (A5). Its trace then is
tr W11 = J0,ii. (24)
The average intensity in the reference arm is indepen-
dent of transverse position across the detector.
However, in the test arm the intensities are slightly
different for the two cases. In case A the polarizer T0
placed directly after the source can control the polariza-
tion state of the light that goes into the reference arm de-
tector as well as of the light that traverses the object in
the test arm. In this situation we obtain, from equation
(A7),
tr W22 =
k2 J0,ii
4pi2d2
ˆ ∞
−∞
d2r′1
∣∣Tji(r′1)∣∣2 . (25)
6On the other hand, in case B, in which the source is fixed
and the polarizer is in front of the reference arm detec-
tor, the light interacting with the object has not been fil-
tered from unnecessary polarization states. From equa-
tion (A8) we now have
tr W22 =
k2
4pi2d2
ˆ ∞
−∞
d2r′1
×
(
J0,xx
∣∣Tjx(r′1)∣∣2 + J0,yy ∣∣Tjy(r′1)∣∣2) , (26)
The average intensity in the test arm [equations (25) and
(26)] likewise is independent of transverse position, al-
beit we need it only at the location of the pinhole detec-
tor.
The visibility V for case A can be calculated using
equations (21)–(25). For case B the last equation is re-
placed by the intensity given by equation (26). Compar-
ing the two options we note that in case B the intensity
in the test arm is larger if a similar source is used and
when all the object’s transmission function’s elements
are nonzero, i.e., |Tij(r′1)| > 0 for all i, j ∈ {x, y}. From
the form of equation (23) we may then conclude that
this results in lower visibility when compared to case
A. However, we emphasize that case B can be used in
novel polarimetric measurements, due to the fact that
the classical source’s state of polarization does not need
to be controlled.
V. CONCLUSIONS
By a modification to the conventional ghost diffrac-
tion experiment with classical spatially incoherent
light, a method for polarimetry by ghost imaging has
been introduced. Using the Jones matrix formalism
to analyze an electromagnetic ghost diffraction setup
with polarization-dependent optical elements, we have
shown that adding two uniform linear polarizers per-
mits one to measure the Jones matrix of an arbitrary
birefringent or dichroic object. The first polarizer can
be placed in front of the reference arm detector to enable
polarimetry without controlling the state of polarization
of the light source. However, higher polarimetric qual-
ity in terms of image visibility is achieved when the first
polarizer is placed immediately after the source. The
second polarizer has to be located between the object
and the test arm detector to discriminate how the object
changes the different states of polarization of the illu-
mination. The general method presented in this work,
called ghost polarimetry, enables the assessment of the
polarimetric properties of spatially dependent objects in
novel ways merely by means of intensity correlations.
We have also demonstrated that the use of the effec-
tive source concept greatly simplifies the calculations re-
lated to both scalar and electromagnetic ghost diffrac-
tion setups. The effective source can be seen as a use-
ful mathematical tool for the analysis of a wide range
of ghost imaging and diffraction arrangements. It was
shown that for sufficiently wide beams the effective
source retains the spatially completely incoherent na-
ture of the original source.
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Appendix A: Placement of the optical elements
In ghost imaging, such as the setup depicted in figure
4, the information is encoded in the correlation of the
intensity fluctuations, i.e., in tr W†12W12. For the discus-
sion in section A 1, the essential part is the influence of
the matrices T1, Jeff, T(r′1) and T2 [see equation (18)] on
tr W†12W12. We need to measure the individual elements
of T(r′1). Using two different objects as an example, we
show that leaving out the polarizer between the object
and the pinhole detector (T2 = I), or leaving out both
the polarizer after the source (Jeff = J0) and the polar-
izer before the CCD in the reference arm (T1 = I), will
make it impossible to distinguish between the objects.
In section A 2 we present details of the two cases in
which the first polarizer is located in place of either T0
or T1 and the second polarizer is represented by T2. We
examine each case separately to find what kind of source
is appropriate for the polarimetric imaging and calcu-
late the CSDMs for the individual arms. The CSDMs are
used in the discussion related to polarimetric quality in
section IV B.
1. Necessary polarizers
With the goal of showing that leaving out certain po-
larizers leads to an unsuccessful measurement, first we
consider the case in which there is no polarizer after the
source or in front of the reference arm detector. In this
case Jeff = J0 and T1 = I. The polarization matrix is Her-
mitian and non-negative definite and is thus diagonaliz-
able with a unitary transformation U and non-negative
eigenvalues J1 and J2. Let us perform the same transfor-
mation also to the other matrices appearing in W12, i.e.,
J′0 = UJ0U† =
(
J1 0
0 J2
)
, (A1a)
T′T(r′1) = UT
T(r′1)U
†, (A1b)
7T′T2 = UTT2 U†. (A1c)
We present two example objects that can not be distin-
guished from each other. The first one is represented
by a diagonal matrix T′(r′1) with the elements T
′
xx(r′1) =
g(r′1) and T
′
yy(r′1) = κg(r
′
1), where κ ≡ J1/J2 and g(r′1) is
a Fourier-transformable complex function. The second
object has the non-zero elements T′xy(r′1) = −κg(r′1) and
T′yx(r′1) = g(r
′
1) (obtained by placing a pi/2 rotator af-
ter the first object). Combining equations (18) and (A1)
together with the conditions Jeff = J0 and T1 = I, we
obtain
tr W†12W12 =
J21k
4
4pi2d4
∣∣∣∣F {g(r′1)} [ kd (r1 − r2)
]∣∣∣∣2 tr T∗2TT2 ,
(A2)
where F{g(r′1)}[k(r1 − r2)/d] is defined by equation
(15). This result was acquired using the invariance
of the trace under unitary transformations and the in-
termediate result given by tr T′∗2 T′∗(r′1)J
′2
0 T
′T(r′′1 )T
′T
2 =
J21g
∗(r′1)g(r
′′
1 ) tr T
′∗
2 T
′T
2 . Equation (A2) holds for both ex-
ample objects and we can thus conclude that by varying
T2 (or T′2) we are not able to make a distinction between
the two cases, although their Jones matrices are differ-
ent.
Similar reasoning applies when the effective source
and the polarizer in front of the reference arm detector
are variable but the test arm detector lacks a polarizer
(T2 = I). Using either of the example objects presented
above, in this situation we have [see equation (18)]
tr W†12W12 =
k4
4pi2d4
∣∣∣∣F {g(r′1)} [ kd (r1 − r2)
]∣∣∣∣2
×
(
Bxx + κ2Byy
)
, (A3)
where Bii, i ∈ {x, y}, is the diagonal component of the
(generally non-diagonal) matrix B ≡ J†effTT1 T∗1Jeff and
we used tr T∗(r′1)BT
T(r′′1 ) = g
∗(r′1)g(r
′′
1 )(Bxx + κ
2Byy).
Since the result is the same for both objects, no matter
how Jeff and T1 are chosen, the objects are indistinguish-
able when T2 = I.
In practice this means that ghost polarimetry is not
possible when the polarizer between the object and the
test arm detector is left out (T2 = I), or if that optical
element is the only polarizer in the ghost imaging ar-
rangement (Jeff = J0 and T1 = I). This is analogous to
the polarimetric analysis performed by the conventional
device shown in figure 1 in the sense that leaving out the
polarizer on either side of the object would result in an
unsuccessful measurement.
2. Example measurements
In section IV B two arrangements for obtaining the po-
larization properties of the object were introduced. As
shown in section IV A, the intensity fluctuation corre-
lation (tr W†12W12) is the same in both cases. However,
the requirements on the source are slightly different and
are discussed in the following subsections. The CSDMs
of the reference (W11) and test (W22) arms needed to ob-
tain the background term in equation (23) are evaluated.
They are used to assess the polarimetric quality in sec-
tion IV B.
In the arrangement labeled case A, the polarizer in
front of the reference arm detector is omitted (T1 = I)
and we choose T0 = Ti for the polarizer after the source
and thus Jeff = TiJ0Ti. In case B, the polarizer is moved
from after the source to in front of the reference arm de-
tector and we have Jeff = J0 and T1 = Ti. In both cases
the test arm has the polarizer T2 = Tj.
a. Case A: Polarizer after the source
In this case, the effective source’s polarization matrix,
Jeff = T∗0J0TT0 , is proportional to T0 = Ti when J0 is not
polarized perpendicular to Ti. This has to hold for i ∈
{x, y} and thus a source which is completely polarized
in either the x or y direction cannot be used. In order
to obtain the same intensity for both orientations (i ∈
{x, y}) of the polarizer T0, the source should be either
completely unpolarized, (partially) circularly polarized,
or (partially) linearly polarized at ±45 degrees from the
x axis.
To calculate the CSDM related to the reference arm
(W11), we use a source slightly modified from equation
(12), with the Dirac delta function replaced by a normal-
ized coherence function that has the property γ(0) = 1,
thus leading to the CSDM Weff(r′1, r
′
2) = Jeffγ(r
′
2 − r′1).
Using a different source here is permitted for the qual-
itative visibility comparison between the two cases we
perform in section IV B. The γ source together with
equations (1), (10), and (11) produces the reference arm
CSDM
W11(r1, r1) =
k2T∗1JeffT
T
1
4pi2d2
¨ ∞
−∞
d2r′1d
2r′2γ(r′2 − r′1)
× exp
{
ik
2d
[
r′22 − r′21 − 2
(
r′2 − r′1
) · r1]} .
(A4)
With the change of variables ∆r′ = r′2 − r′1 and R′ =
(r′1 + r
′
2)/2, the integration with respect to R
′ becomes
proportional to the delta function δ(k∆r′/d). After scal-
ing the delta function, integrating over it and using the
property γ(0) = 1, we have
W11(r1, r1) = T∗1JeffT
T
1 = J0,iiT
i (A5)
with i ∈ {x, y}. The latter form in equation (A5) follows
from Jeff = TiJ0Ti = J0,iiTi and T1 = I.
To compute the CSDM of the test arm (W22) we return
to the delta-correlated source. Using equations (1), (10),
8(11) and (12) we obtain (after integration over r′2)
W22(r2, r2) =
k2
4pi2d2
ˆ ∞
−∞
d2r′1T
∗
2T
∗(r′1)JeffT
T(r′1)T
T
2 .
(A6)
Again employing Jeff = J0,iiTi the test arm CSDM be-
comes
W22(r2, r2) =
k2 J0,iiTj
4pi2d2
ˆ ∞
−∞
d2r′1
∣∣Tji(r′1)∣∣2 (A7)
with i, j ∈ {x, y}, since TjT(r′1)Ti = Tji(r′1)Tji. The
traces of equations (A5) and (A7) are used to obtain
equations (24) and (25).
b. Case B: Polarizer in front of the reference arm detector
When the first polarizer is placed in front of the ref-
erence arm detector the matrix T∗1J0 is proportional to
T1 = Ti when J0 is diagonal. [This proportionality is
required to find the main imaging result, equation (21).]
To obtain equal intensities for both field components of
the source, the light needs to be completely unpolar-
ized. Light which is partially linearly polarized along
either the x or y axis is also sufficient but will result in
a lower intensity source for one of the measurements
when i ∈ {x, y} is varied.
Using equation (A6) and the constraints Jeff = J0 and
T2 = Tj, we note that the term J0,ii|Tji(r′1)|2 in equation
(A7) is replaced by J0,xx|Tjx(r′1)|2 + J0,yy|Tjy(r′1)|2. Thus
the CSDM for the test arm is
W22(r2, r2) =
k2Tj
4pi2d2
ˆ ∞
−∞
d2r′1
×
(
J0,xx
∣∣Tjx(r′1)∣∣2 + J0,yy ∣∣Tjy(r′1)∣∣2) . (A8)
Taking the trace of equation (A8) results in equation (26).
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